Key Summary Points {#FPar10}
==================

**Why carry out this study?**Combination therapy with a targeted disease-modifying antirheumatic drug (DMARD) and a conventional synthetic DMARD (csDMARD) is recommended in clinical guidelines for patients who fail to respond to csDMARDs alone.Tumor necrosis factor inhibitors (TNFi) are routinely used following csDMARD failure; however, patients experiencing inefficacy and lack of tolerability with their first TNFi can cycle to another TNFi or switch to another targeted therapy with a different mode of action (MOA). There is little in the literature on prescribing patterns of rheumatologists in the U.S. and the reasons behind their prescribing behavior.**What was learned from the study?**The top reasons physicians gave for selecting a specific targeted therapy were strong overall efficacy, inhibition of disease progression, and reduction in stiffness. There were few significant differences in physician reasoning by class of treatment.Of physicians surveyed, almost three quarters believed that there was some class effect with TNFi.At second use targeted therapy, 60.7% of patients were cycled to another TNFi and 39.3% switched to a therapy with a different MOA. The main reasons physicians gave for switching from first use targeted therapy were worsening condition, secondary lack of efficacy, and primary lack of efficacy.

Introduction {#Sec1}
============

Rheumatoid arthritis (RA) is a chronic, inflammatory autoimmune disease, affecting 1.28--1.36 million adults in the United States (estimates from 2014) and with a global prevalence estimated of 0.24% (estimate from 2010) \[[@CR1]\].

Conventional synthetic disease-modifying antirheumatic agents (csDMARDs) form the basis of care in RA. However, in patients who do not achieve low disease activity or disease remission with csDMARDs, guidelines recommend targeted therapy with a biologic DMARD (bDMARD) or small molecule (targeted-synthetic DMARD \[tsDMARD\]), preferably in combination with a csDMARD \[[@CR2], [@CR3]\].

Tumor necrosis factor inhibitors (TNFi) are routinely used first following csDMARD monotherapy failure \[[@CR2], [@CR3]\], as they are effective in reducing the signs and symptoms of RA and preventing the progression of joint damage \[[@CR4]--[@CR7]\]. Patients who experience inefficacy and lack of tolerability with their first TNFi tend to either cycle to another TNFi (TNFi cycling) \[[@CR8], [@CR9]\] or switch to targeted nonTNFi therapies with different mechanisms of action (MOA; MOA switching). Studies have demonstrated that MOA switching at second use targeted therapy is often associated with better clinical outcomes \[[@CR10]--[@CR12]\], higher treatment persistence \[[@CR10]\], and lower healthcare costs \[[@CR13]\].

Although guidelines recommend targeted therapy combined with a csDMARD \[[@CR2], [@CR3]\], a previous study found that approximately 60% of patients were not taking csDMARDs as recommended \[[@CR14]\]. Such research demonstrates that either patients are non-adherent to their medication or patients are not being prescribed combination therapy by their physicians.

Given the increasing availability of treatment options, there is a growing emphasis on more personalized treatment strategies for patients with RA \[[@CR8]\], and understanding current targeted therapy combination with csDMARDs and monotherapy prescribing patterns and sequencing may help optimize treatment outcomes.

This study aimed to identify overall physician-reported prescribing patterns and reasons surrounding current treatment practice for RA in the United States. It examined the use of TNFi vs. nonTNFi at first use targeted therapy, the use of first use targeted monotherapy vs. combination therapy, the prevalence of TNFi cycling vs. MOA switching at second use targeted therapy, and the patient and physician factors associated with each of these treatment choices.

Methods {#Sec2}
=======

Analyses were conducted using data collected between Q2 and Q3 2016 from the Adelphi RA Disease Specific Programme (DSP). The DSP is a cross-sectional, single point in time survey of United States rheumatologists and their adult patients with RA. A description of the methodology has been previously published and validated \[[@CR15]\]. The DSP includes a number of checks to minimize missing data and ensure that the data collected are accurate. Rheumatologists were identified via publicly available lists, and a geographically diverse sample of physicians were subsequently recruited by field-based interviewers. Rheumatologists were compensated for participating. This study was approved for exemption by the Western Institutional Review Board, under WIRB exemption criteria 45 CFR §46.101(b)(2).

Informed consent was obtained from all study participants.

Survey {#Sec3}
------

Rheumatologists with a minimum of 2 years' experience who were seeing ≥ 10 patients with RA a month were included in the Adelphi RA DSP. Rheumatologists completed an attitudinal survey developed specifically for this study and provided information (historical and/or at time of survey) via paper Patient Record Forms (PRF) for the next 10--15 consecutive eligible patients with RA who visited them and who met the inclusion criteria described below. This may have included newly diagnosed as well as patients with established disease.

To identify if physicians perceived a class effect across TNFi they were asked in the attitudinal survey: "Do you believe there is a class effect with the TNFi DMARDs?" Physicians could respond: "yes, with regards to efficacy", "yes, with regards to safety", "yes, with regards to both efficacy and safety" or "no". This question was intended to capture a sentiment that specific TNFi medications are more similar than different and would likely be expected to yield a general similar result as any other TNFi medication.

The PRF contained detailed questions on patient demographics and disease characteristics at the time of survey completion and at the time of first and second targeted therapy initiation, reasons for therapy choice, and general patient management. Physicians were instructed to refer to patients' medical records to complete the PRF to reduce recall bias. To identify a patient's disease activity, physicians were asked for their perceived disease activity at each new line of therapy: "What was the level of disease activity in this patient immediately prior to initiation of the current treatment---remission, low disease activity, active disease, very active disease or don't know?" To identify a patient's disease severity, physicians were asked for their perceived disease severity at the current line of therapy: "What was your overall assessment of the severity of RA in this patient based on your own definitions of the terms mild, moderate and severe immediately prior to initiation of the current treatment?" To identify a patient's level of pain, physicians were asked: "What was your overall assessment of the pain that your patient experienced as a result of their RA immediately prior to initiation of current treatment on a scale of 1--10, where 1 is no pain and 10 is worst possible pain?" To determine if patients were at the maximum csDMARD dose physicians were asked: "Was the maximum recommended dose of the csDMARD reached before initiating the advanced therapy---yes, no or don't know?" Finally, physicians were asked to provide reasoning for patients switching following initial TNFi therapy. The response options available related to efficacy/change in disease included: condition worsened, condition improved, primary lack of efficacy (initial non-response), secondary lack of efficacy (loss of response over time), remission not induced, remission not maintained, and lack of alleviation of pain. Although there was potential for overlap between answers, the survey allowed physicians the option to respond in terms that resonated most with their real-world clinical practice.

Patient Inclusion and Exclusion Criteria {#Sec4}
----------------------------------------

Patients aged ≥ 18 years with a diagnosis of RA who were not currently involved in a clinical trial, and who were visiting a participating rheumatologist were included in the DSP. Patients currently receiving or who had previously received ≥ 1 line of targeted therapy were included in this study. Each physician was asked to document their clinical status at the time that they started each line of targeted therapy based on their manual review of patients' medical records.

Analysis Definitions {#Sec5}
--------------------

Patients with recorded first and second use targeted therapy were analyzed in this study. The analysis aimed to further categorize patients based on the treatment approach used and treatment pathway followed.

### First and Second Use Targeted Therapy {#Sec6}

Patients were grouped based on the class of their first use targeted therapy as either TNFi bDMARD (TNFi: etanercept, adalimumab, infliximab, certolizumab pegol, and golimumab), nonTNFi bDMARD (nonTNFi: abatacept, rituximab, and tocilizumab), or tsDMARD (i.e. tofacitinib) based on availability on the United States market at the time of this study. Second use therapy was defined as a targeted therapy (TNFi, nonTNFi or tofacitinib) that was prescribed to the patient following their first targeted therapy, alone or in combination with a csDMARD.

### Monotherapy and Combination Therapy {#Sec7}

Targeted monotherapy was defined as a targeted therapy that was not prescribed in combination with a csDMARD as classified by the physician. Targeted combination therapy was defined as a targeted therapy that was prescribed in combination with any csDMARD.

### TNFi Cycling and MOA Switching {#Sec8}

Patients who received a TNFi as both their first and second targeted therapy were defined as TNFi cyclers. Patients who received a TNFi as first use targeted therapy but a nonTNFi targeted therapy (including tofacitinib) as their second targeted therapy were defined as MOA switchers. Patients were excluded if they initiated their second targeted therapy prior to June 2006, to allow availability of nonTNFi targeted therapy into the market (which were first introduced and widely available in 2006).

Statistical Analysis {#Sec9}
--------------------

Categorical variables were analyzed by frequency and percentage of patients falling into each category. Univariate analysis was used to compare the analysis groups for the two analyses based on patient characteristics and physician responses. Fisher's exact tests were used to test for differences where the outcome variable was dichotomous and Pearson's Chi squared tests for categorical variables with more than two responses. Mann--Whitney *U* tests were performed for continuous variables and categorical variables with ordered responses. Survival estimates for time to discontinuation of first use targeted therapy were calculated using the Kaplan--Meier method, and were reconstructed based on historical information that the physician provided following review of medical records. While physicians would have had access to a patient's medical records when completing the DSP, if they did not have enough information available to classify a patient as mild, moderate or severe, then they could answer 'don't know'. Differences between first use targeted therapy class were assessed using log-rank tests. Where statistical tests were performed, *P* values \< 0.05 were considered statistically significant and compared TNFi versus nonTNFi (including nonTNFi bDMARD and tofacitinib). All analyses were performed by using Stata 15.0 or later (StataCorp. Stata Statistical Software: Release 15. College Station, TX: StataCorp LP).

Results {#Sec10}
=======

First Use Targeted Therapy {#Sec11}
--------------------------

The overall DSP sample included 1003 patients and 85 rheumatologists. Of these, 631 patients treated by 84 participating rheumatologists had been prescribed a first use targeted therapy for RA following csDMARD failure and were included in the analysis sample (Supplementary Fig. 1). Eight patients who had received a targeted therapy but the number of lines of treatment was unknown were excluded, as were 364 patients who were targeted therapy-naïve. First use targeted therapy with TNFi was prescribed for 535 (84.8%) patients, 53 (8.4%) were prescribed a nonTNFi, and 43 (6.8%) were prescribed tofacitinib. Overall, 95.4% of patients receiving a bDMARD or tsDMARD as first use targeted therapy had moderate-to-severe RA. Of patients receiving TNFi, non-TNFi and tofacitinib, respectively, 96.3%, 95.2% and 88.4% had moderate-to-severe RA. csDMARD prescribing alongside first use targeted therapy details were known for 577 patients, of whom 108 (18.7%) were prescribed first use monotherapy (bDMARD or tsDMARD without csDMARD) and 469 (81.3%) were prescribed combination therapy (bDMARD or tsDMARD with csDMARD). Patient demographics by class of first use targeted therapy and monotherapy compared with combination therapy are summarized in Table [1](#Tab1){ref-type="table"}.Table 1Patient demographics and characteristics of those receiving a bDMARD/tsDMARD as first use targeted therapy, or bDMARD/tsDMARD monotherapy or combination therapy as first use targeted therapy, or TNFi cycling or MOA switching as second use targeted therapy*Patients receiving a bDMARD/tsDMARD as first use targeted therapy*Overall (*n* = 631)TNFi (*n* = 535)NonTNFi (*n* = 53)Tofacitinib (*n* = 43)*P* value^a^**Age at initiation of first use therapy, mean (SD)**52.6 (13.6)51.5 (13.1)59.1 (14.9)58.6 (14.2)\< 0.0001**Female,*n*(%)**458 (72.6)392 (73.3)37 (69.8)29 (67.4)0.6367**White,*n*(%)**458 (72.6)394 (73.6)35 (66.0)29 (67.4)0.0733**Hispanic/Latino,*n*(%)**62 (9.8)51 (9.5)3 (5.7)8 (18.6)0.0733**Disease severity at initiation of first use therapy***n* = 609*n* = 513*n* = 53*n* = 430.0232 Mild28 (4.6)19 (3.7)4 (7.5)5 (11.6) Moderate383 (62.9)317 (61.8)38 (71.7)28 (65.1) Severe198 (32.5)177 (34.5)11 (20.8)10 (23.3)**Number of csDMARDs received before first use therapy, mean (SD)***n* = 573*n* = 487*n* = 50*n* = 360.62341.57 (0.79)1.59 (0.82)1.44 (0.64)1.53 (0.61)**Discontinued csDMARD upon initiation of first use therapy,*n*(%)***n *= 520*n *= 441*n* = 44*n* = 350.2790149 (28.7)124 (28.1)11 (25.0)14 (40.0)**Years between diagnosis and first use therapy initiation, mean (SD)***n* = 542*n* = 460*n* = 50*n *= 320.03353.19 (4.85)2.96 (4.42)3.77 (5.45)5.63 (8.21)**Therapies received immediately prior to first use therapy,*n*(%)***n *= 623*n* = 529*n* = 52*n* = 42 NSAID217 (34.8)180 (34.0)20 (38.5)17 (40.5)0.5938 COX-2 inhibitor62 (10.0)50 (9.5)10 (19.2)2 (4.8)0.0406 Oral steroid---continuous137 (22.0)110 (20.8)17 (32.7)10 (23.8)0.1357 Oral steroid---intermittent166 (26.6)140 (26.5)16 (30.8)10 (23.8)0.7283 Analgesic95 (15.2)74 (14.0)13 (25.0)8 (19.0)0.0844 csDMARDs536 (86.0)456 (86.2)44 (84.6)36 (85.7)0.9499 None of the above15 (2.4)15 (2.8)0 (0.0)0 (0.0)0.2552**Health insurance type covering RA treatment,*n*(%)***n* = 430*n* = 353*n* = 40*n* = 370.0415 Public140 (32.6)107 (30.3)17 (42.5)16 (43.2) Private286 (66.5)244 (69.1)21 (52.5)21 (56.8) No coverage2 (0.5)1 (0.3)1 (2.5)0 (0.0) Other2 (0.5)1 (0.3)1 (2.5)0 (0.0)*Patients receiving bDMARD/tsDMARD monotherapy or combination therapy as first use targeted therapy*Overall (*n* = 577)Monotherapy (*n* = 108)Combination (*n* = 469)*P* value^b^**Age at initiation of first use targeted therapy, mean (SD)**52.5 (13.7)55.4 (13.3)51.9 (13.7)0.0120**Female,*n*(%)**422 (73.1)67 (62.0)355 (75.7)0.0054**White,*n*(%)**423 (73.3)87 (80.6)336 (71.6)0.4483**Hispanic/Latino,*n*(%)**59 (10.2)5 (4.6)54 (11.5)0.4483**First use targeted Therapy treatment class,*n*(%)**0.0008 NonTNFi48 (8.3)3 (2.8)45 (9.6) TNFi489 (84.7)90 (83.3)399 (85.1) Tofacitinib40 (6.9)15 (13.9)25 (5.3)**Number of csDMARDs received before first use therapy, mean (SD)***n* = 538*n* = 69*n* = 4690.67991.56 (0.76)1.54 (0.65)1.57 (0.77)**csDMARD prescribed immediately prior to first use therapy,*n*(%)***n* = 503*n* = 67*n* = 436 Methotrexate425 (84.5)49 (73.1)376 (86.2)0.0102 Sulfasalazine84 (16.7)20 (29.9)64 (14.7)0.0042 Hydroxychloroquine105 (20.9)11 (16.4)94 (21.6)0.4198 Azathioprine6 (1.2)0 (0.0)6 (1.4)1.000 Leflunomide54 (10.7)5 (7.5)49 (11.2)0.5234 Minocycline2 (0.4)0 (0.0)2 (0.5)1.000 Other csDMARD4 (0.8)0 (0.0)4 (0.9)1.000**Was maximum csDMARD dose reached before initiating first use targeted therapy? (Yes)*n*(%)***n* = 461*n* = 58*n* = 4030.0800291 (63.1)43 (74.1)248 (61.5)**Was the patient's csDMARD discontinued upon initiating first use targeted therapy?*n*(%)***n *= 488*n* = 62*n* = 426\< 0.0001 Yes136 (27.9)51 (82.3)85 (20.0)**Therapies received immediately prior to first use targeted therapy***n* = 572*n* = 103*n *= 469 NSAID198 (34.6)23 (22.3)175 (37.3)0.0041 COX-2 inhibitor56 (9.8)3 (2.9)53 (11.3)0.0092 Oral steroid---continuous use126 (22.0)10 (9.7)116 (24.7)0.0006 Oral steroid---intermittent use146 (25.5)18 (17.5)128 (27.3)0.0454 Analgesic83 (14.5)8 (7.8)75 (16.0)0.0308 csDMARDs503 (87.9)67 (65.0)436 (93.0)^d^\< 0.0001 None of the above13 (2.3)9 (8.7)4 (0.9)\< 0.0001*Patients TNFi cycling or MOA switching at second use targeted therapy*Overall (*n* = 163)TNFi cycling (*n* = 99)MOA switching (*n* = 64)*P* value^d^**Age at initiation of second use targeted therapy, mean (SD)***n* = 140*n* = 80*n* = 6052.4 (12.7)51.3 (12.6)53.8 (12.8)0.1534**Female,*n*(%)**121 (74.2)71 (71.7)50 (78.1)0.4636**White,*n*(%)**121 (74.2)73 (73.7)48 (75.0)0.8062**Hispanic/Latino,*n*(%)**14 (8.6)9 (9.1)5 (7.8)0.8062**Number of concomitant conditions, mean (SD)**1.7 (1.6)1.6 (1.6)1.7 (1.5)0.5354**Years on targeted first use therapy, median (SD)**1.0 (2.1)1.0 (1.9)1.5 (2.3)0.1191**Months on targeted first use therapy,*n*(%)**^**e**^0.0335 \< 6 months28 (17.2)20 (20.2)8 (12.5) 6-- \< 12 months34 (20.9)24 (24.2)10 (15.6) 12-- \< 24 months43 (26.4)25 (25.3)18 (28.1)  \> 24 months58 (35.6)30 (30.3)28 (43.8)**Targeted therapy at first use,*n*(%)**0.8379 Etanercept83 (50.9)54 (54.5)29 (45.3) Adalimumab39 (23.9)22 (22.2)17 (26.6) Infliximab35 (21.5)20 (20.2)15 (23.4) Certolizumab Pegol2 (1.2)1 (1.0)1 (1.6) Golimumab4 (2.5)2 (2.0)2 (3.1)**Disease status prior to initiation of second use targeted therapy,*n*(%)***n* = 118*n* = 65*n* = 530.9099 Improving2 (1.7)0 (0.0)2 (3.8) Stable7 (5.9)4 (6.2)3 (5.7) Unstable51 (43.2)30 (46.2)21 (39.6) Deteriorating slowly43 (36.4)23 (35.4)20 (37.7) Deteriorating rapidly15 (12.7)8 (12.3)7 (13.2)**Years from diagnosis to second use targeted therapy initiation, mean (SD)***n *= 135*n *= 77*n* = 585.2 (6.0)4.5 (5.1)6.2 (7.0)0.1542**Disease severity at initiation of second use targeted therapy,*n*(%)***n* = 161*n *= 97*n* = 640.4575 Mild11 (6.8)7 (7.2)4 (6.3) Moderate105 (65.2)65.0 (67.0)40 (62.5) Severe45 (28.0)25 (25.8)20 (31.3)**Disease activity immediately prior to current treatment,*n*(%)***n* = 118*n* = 65*n* = 530.1240 Remission1 (0.8)1 (1.5)0 (0.0) Low disease activity13 (11.0)8 (12.3)5 (9.4) Active disease72 (61.0)42 (64.6)30 (56.6) Very active disease32 (27.1)14 (21.5)18 (34.0)**Pain assessment immediately prior to current treatment, mean (SD)***n* = 114*n* = 62*n* = 520.21576.9 (1.9)6.7 (1.9)7.1 (1.8)**Targeted therapy at second use,*n*(%)**0.8379 Etanercept28 (17.2)28 (28.3)0 (0.0) Adalimumab45 (27.6)45 (45.5)0 (0.0) Infliximab12 (7.4)12 (12.1)0 (0.0) Certolizumab Pegol5 (3.1)5 (5.1)0 (0.0) Golimumab9 (5.5)9 (9.1)0 (0.0) Abatacept28 (17.2)0 (0.0)28 (43.8) Rituximab5 (3.1)0 (0.0)5 (7.8) Tocilizumab10 (6.1)0 (0.0)10 (15.6) Tofacitinib21 (12.9)0 (0.0)21 (32.8)*COX*-*2* cyclo-oxygenase-2 inhibitor, *bDMARD* biologic disease-modifying antirheumatic drug, *csDMARD* conventional synthetic disease-modifying antirheumatic drug, *MOA* mechanisms of action, *NSAID* non-steroidal anti-inflammatory drug, *SD* standard deviation, *TNFi* tumor necrosis factor inhibitor, *tsDMARD* targeted-synthetic disease-modifying antirheumatic drug^a^TNFi versus nonTNFi (identified as nonTNFi bDMARD and tofacitinib)^b^Monotherapy versus combination therapy^c^Patients may have previously used a csDMARD but stopped treatment for a short time before the csDMARD was reinstated when the targeted therapy was initiated^d^TNFi cycling versus MOA switching^e^Denotes how long patients are remaining on treatment

### Potential Drivers for Targeted Therapy Selection at First Use {#Sec12}

At initiation of first use targeted therapy, 62.9% of patients overall had moderate disease severity. More patients receiving a TNFi at first use had severe disease compared with those receiving a nonTNFi or tofacitinib (34.5% vs. 20.8% vs. 23.3%, respectively; *P* = 0.02) (Table [1](#Tab1){ref-type="table"}).

The time between RA diagnosis and first use targeted therapy initiation, based on 542 patients with data available for the date of diagnosis and initiation of first use targeted therapy, was 38.3 months overall, and there was no significant difference (*P* = 0.40) in the time from diagnosis to first use targeted therapy between those receiving a TNFi compared with those receiving a nonTNFi or tofacitinib. Overall, around a quarter of patients (28.7%) discontinued csDMARD therapy at initiation of their first targeted therapy, and this was consistent between the TNFi and nonTNFi groups but higher for the tofacitinib group (Table [1](#Tab1){ref-type="table"}).

Physicians' reasons for targeted therapy choice were known for the 422 patients who were still receiving their first targeted therapy at the time of survey completion. The top three reasons given by physicians overall for prescribing the first use targeted therapy were strong overall efficacy (79.9%), inhibition of disease progression (60.2%), and reduction in stiffness (58.5%) (Fig. [1](#Fig1){ref-type="fig"}). Physician reasoning that varied significantly between patients receiving TNFi, nonTNFi, and tofacitinib, respectively, were: maintenance of efficacy over time (48.3% vs. 67.5% vs. 31.6%; *P* = 0.01); allows reduction in steroid use (39.5% vs. 55.0% vs. 23.7%; *P* = 0.02); suitability for patients with cardiovascular risk (8.7% vs. 32.5% vs. 7.9%; *P* \< 0.05); acceptability of method of delivery for the patient (e.g. intravenous vs. subcutaneous vs. oral administration; 19.5% vs. 27.5% vs. 39.5%; *P* = 0.01); and ease of product use for the patient (e.g. prefilled pen vs. syringe; 16.6% vs. 22.5% vs. 44.7%; *P* \< 0.05) (data not shown). Interestingly, and despite RA treat-to-target recommendations encouraging switching if the patient does not achieve remission, or at least low disease activity, only 20% of physicians reported changing treatments due to lack of attaining remission.Fig. 1Top 10 reasons for physicians choosing the first targeted therapy. *TNFi* tumor necrosis factor inhibitor. *P* value: TNFi versus nonTNFi (identified as nonTNFi biologic disease-modifying antirheumatic drug and tofacitinib)

Median time to discontinuation of the first targeted therapy was not significantly different between the classes (TNFi: 3.0 years; nonTNFi: 4.0 years; tofacitinib: median not reached; *P *= 0.36) (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Kaplan--Meier survival estimates for time to discontinuation of first targeted therapy for TNFi versus nonTNFi versus tofacitinib. TNFi, median time to discontinuation (95% confidence interval): 3 (2.5, 4). NonTNFi, median time to discontinuation (95% confidence interval): 4 (2, --). Oral tofacitinib, median time to discontinuation (95% confidence interval): -- (2, --). Log rank test for equality of survivor functions: *P* = 0.3642. *TNFi* tumor necrosis factor inhibitor

### Targeted Monotherapy and Combination Therapy at First Use {#Sec13}

Overall, patients received a mean (SD) of 1.56 (0.76) csDMARDs before initiation of their first targeted therapy, which was similar for patients prescribed combination therapy or monotherapy \[1.54 (0.65) and 1.57 (0.77)\], respectively; (*P* = 0.68) (Table [1](#Tab1){ref-type="table"}). Overall, methotrexate was the most common csDMARD prescribed immediately prior to first use targeted therapy (84.5%); however, this was lower among patients receiving monotherapy vs. combination therapy (73.1% vs. 86.2%, respectively; *P* = 0.01). Additionally, 63.1% of patients were at the maximum csDMARD dose as reported by the physician before initiating their first targeted therapy. Overall, 27.9% of patients discontinued csDMARD therapy at initiation of first use targeted therapy, and of those still on combination therapy, only 20.0% discontinued their csDMARD for another with their first use targeted therapy. The use of concomitant medications received immediately prior to initiation of a first targeted therapy was more common in patients receiving combination therapy versus those receiving monotherapy, respectively, non-steroidal anti-inflammatory drugs (37.3% vs. 22.3%), COX-2 inhibitors (11.3% vs. 2.9%), oral steroids (continuous: 24.7% vs. 9.7%; intermittent: 27.3% vs. 17.5%), analgesics (16.0% vs. 7.8%), or csDMARDs (93.0% vs. 65.0%); all *P* \< 0.05.

Median time to discontinuation of the first targeted therapy was not significantly different between patients receiving monotherapy versus combination therapy (2.8 years vs. 4.0 years, respectively; *P *= 0.35) (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Kaplan--Meier survival estimates for time to discontinuation of first targeted therapy for monotherapy versus combination therapy. Monotherapy, median time to discontinuation (95% confidence interval): 2.83 (2, --). Combination, median time to discontinuation (95% confidence interval): 4.0 (3, 5). Log rank test for equality of survivor functions: *P* = 0.3521

TNFi Cycling Versus MOA Switching at Second-Line Targeted Therapy {#Sec14}
-----------------------------------------------------------------

Overall, 163 patients from 63 physicians received a first and second targeted therapy (post June 2006). Ninety-nine patients (60.7%) were TNFi cyclers and 64 switched to a targeted therapy with a different MOA (39.3%) at second-line (i.e. MOA switchers). Patients had a mean (SD) age of 52.4 (12.7) years at the time of the switch, 74.2% were female, and 74.2% were White (Table [1](#Tab1){ref-type="table"}).

Around half (50.9%) of patients received etanercept as first use targeted therapy; no patients were treated with biosimilars. Median (SD) duration of first use targeted therapy was similar for TNFi cyclers and MOA switchers \[1.0 (1.9) vs. 1.5 (2.3), respectively; *P* = 0.12\], but there were significant (*P *= 0.03) differences in the distribution of patients who persisted on their first use targeted therapy. This was driven by a lower proportion of TNFi cyclers who persisted on their first targeted therapy for 12--24 months and ≥ 24 months (25.3% and 30.3%, respectively) compared with MOA switchers (28.1% and 43.8%, respectively) (Table [1](#Tab1){ref-type="table"}).

The mean (SD) time from diagnosis to initiation of second-line targeted therapy was 4.5 (5.1) years for TNFi cyclers and 6.2 (7.0) years for MOA switchers (*P* = 0.15), and at initiation of the second use targeted therapy, 93.2% of patients overall had moderate-to-severe disease, and there was no difference between TNFi cyclers and MOA switchers (*P* = 0.46). TNFi cycling patients and MOA switching patients had similar clinical profiles (Table [1](#Tab1){ref-type="table"}). Of patients receiving second use targeted therapy at the time of the survey, no significant differences in disease status (*P *= 0.91), disease activity (*P *= 0.12) or mean pain (*P *= 0.22) were observed between the TNFi cycling and MOA switching patients. The most common targeted therapy used at second use among TNFi cyclers was adalimumab (45.5%), while for MOA switchers it was abatacept (43.8%; Table [1](#Tab1){ref-type="table"}).

For those patients with only first use targeted therapy (*n* = 587), the median interquartile range time from first-line targeted therapy to survey completion was 23 (9, 48) months (data not shown). For those patients with second-use targeted therapy (*n* = 173), the median interquartile range time second-line targeted therapy to survey completion was 24 (9, 38) months (data not shown). Among patients with a second use targeted therapy, the second targeted therapy was initiated approximately 2 (0.5, 3) years earlier and it was approximately 3 (2, 6) years since the first targeted therapy was initiated from survey completion (data not shown).

Overall, the main reasons physicians gave for moving patients from their first TNFi to a second targeted therapy were worsening condition (46.6%), secondary lack of efficacy (loss of response over time; 41.9%), and primary lack of efficacy (no initial response; 25.7%). Reasons for switching from first to second use targeted therapy were similar regardless of whether patients cycled to another TNFi or switched to a treatment with a different MOA, with the exception of 'patient required an advanced therapy with a different MOA (MOA switchers: 23.8%; TNFi cyclers: 1.2%; *P *\< 0.05) (Fig. [4](#Fig4){ref-type="fig"}).Fig. 4Top 10 overall physician reasons for switching therapy following initial TNFi therapy. Categories were not mutually exclusive, and data was for overall available population. *P* value: TNFi versus nonTNFi (identified as nonTNFi bDMARD and tofacitinib). *bDMARD* biologic disease-modifying antirheumatic drug, *MOA* mechanism of action, *TNFi* tumor necrosis factor inhibitor

All 85 physicians were surveyed on their beliefs surrounding TNFi, 61 (71.8%) believed that there was some efficacy and/or safety class effect with TNFi. Of physicians who cycled their patients to another TNFi at second use, 55.8% believed there was an efficacy/safety class effect with TNFi, and of physicians who switched their patients to targeted therapy with a different MOA at second-line, 87.3% believe there was an efficacy/safety class effect with TNFi (*P* \< 0.05) (data not shown).

Discussion {#Sec15}
==========

In the current study, most patients were prescribed a first use targeted combination therapy (81.3%). These results are aligned with current guidelines, which recommend combination therapy with a csDMARD and a targeted therapy in all patients with established disease who are not achieving adequate control with csDMARD monotherapy, except in patients who are clinically ineligible (i.e. with a contraindication or intolerance to all csDMARDs) \[[@CR2], [@CR3]\]. The percentage of patients prescribed monotherapy in this study (19%) was not prominent; however, it is slightly lower than previously reported, where a quarter to a third of patients were reported as using monotherapy at first use \[[@CR14], [@CR16]\]. It is important to note that estimates of bDMARD or tsDMARD monotherapy use may actually be underestimated in practice due to the prevalence of patient non-adherence with csDMARD combination therapy, which may be under recognized by rheumatologists \[[@CR14], [@CR17]\]. This study did not investigate patient nonadherence. Additionally, it should be noted that although current guidelines recommend that targeted therapies are used in combination with csDMARDs, many of the labels for the targeted therapies state that treatment can be given either as monotherapy or in combination with csDMARDs.

The study also demonstrated that 95.4% of patients receiving a bDMARD or tsDMARD as first use targeted therapy had moderate-to-severe RA. Our results are aligned with current RA treatment guidelines, which recommend bDMARDs or tsDMARDs for patients with moderate-to-severe RA and not those with mild disease \[[@CR2], [@CR3]\]. Given potential uncertainties in classifying moderate to severe disease, this nomenclature has been updated in recent years in regulatory labels to reflect moderate to severely active disease.

Other retrospective cohort studies examining the reasons for switching or discontinuing bDMARD therapy have also found that the main reasons for changing treatment were lack of efficacy and adverse events \[[@CR18]\]. However, this study is potentially the first to investigate physician rationale around prescribing targeted therapy. The top three overall reasons given by physicians for prescribing each specific type of a first targeted therapy were strong overall efficacy, inhibition of disease progression, and reduction in stiffness. Meanwhile, the three main reasons physicians gave for switching patients from their first TNFi to a second targeted therapy were worsening condition, secondary lack of efficacy (loss of response over time), and primary lack of efficacy (no initial response). While these top three reasons were not uniquely different between the treatment groups, it was found that factors such as ease of use and method of administration could have significantly impacted a physicians' decision about treatment choice. It should be taken into account that there might be a difference in motivation, expected efficacy and safety when switching to another TNFi due to intolerance or side effects of the first TNFi rather than a primary or secondary lack of clinical efficacy.

Patients prescribed a bDMARD at first use typically receive a TNFi, however, many will not be adequately controlled at this stage \[[@CR19]--[@CR21]\], and may therefore be treated with an alternative second targeted therapy. The current study found that of 163 patients who received a second targeted therapy, over half cycled (61%) to another TNFi while the remainder (39%) switched to a targeted therapy with another MOA. This is despite the fact that the majority of physicians (72%) in this study believed that there was a class effect with TNFi with regards to efficacy and/or safety, and previous studies have demonstrated better outcomes for MOA switchers than TNFi cyclers. A retrospective cohort study of 936 TNFi cyclers and 581 MOA switchers found that when switching to a second targeted therapy with a different MOA following TNFi failure, switchers were more persistent with their new therapy, had improved clinical outcomes, utilized less healthcare resources, and incurred lower costs than TNFi cyclers \[[@CR10]\]. Further, a randomized control trial (*n* = 300) comparing efficacy of TNFi and nonTNFi as a second targeted treatment choice found nonTNFi therapy to be more effective in achieving a good or moderate disease activity response at 24 weeks, although the magnitude of clinical differences in disease activity as measured by the Disease Activity Score-28 erythrocyte sedimentation rate were small (0.43 units) \[[@CR12]\]. One explanation for the large proportion of TNFi cyclers in our current study, could be due to a belief that changing molecules \[e.g. changing from a fusion protein (etanercept) to a monoclonal antibody (adalimumab)\] is as effective as changing to a therapy with a different MOA. It is also important to note that at second use targeted therapy, the rate of TNFi class effect was greater among physicians that switched their patients to a drug with a different MOA following failure versus those that cycled their patients to another TNFi.

Study Strengths and Limitations {#Sec16}
-------------------------------

The methodological strengths of this study lie in the recruitment of a geographically diverse sample of United States rheumatologists from specialty physician practices, which has previously not been covered in other work, using robust, well established data collection tools. It is important to note some limitations of the current study. Firstly, physician participants represented a convenience sample, and although they were asked to provide data for a consecutive series of patients to mitigate selection bias, no formal verification procedure was used. It is therefore not clear whether the convenience sample used is representative of the whole United States prescriber population. Also, as disease activity was based on physician perception and not composite measures of disease activity, it may be possible that disease activity was not accurately represented compared with the standards used commonly in RA clinical trials (e.g. Disease Activity Score 28 Clinical Disease Activity Index). Nevertheless, physician perception likely reflects the gestalt interpretation most relevant to a clinician when making treatment decisions. Furthermore, some patients reported as being prescribed combination therapy by their physician may be misclassified due to potential nonadherence with csDMARDs; therefore, the percentage of patients utilizing monotherapy may actually be underestimated. Additionally, by utilizing a cross-sectional survey to describe longitudinal trends, there are limitations related to the recall of certain factors by both physicians and patients, such as prior disease state and time to discontinuation. Also, the survey uses historical information and recall, which may be a significant cofounding factor to the true accuracy of the survival estimates for time to discontinuation of first use targeted therapy. It is also important to note that at the time of the survey, newer treatment options such as sarilumab and baricitinib were not commercially available. It should also be noted that while biosimilars were introduced in Europe in 2006, in the United States, they were not approved until 2015, and not available in the United States until the end of 2016 \[[@CR22]\], meaning that the penetration of biosimilars at the time of this study in the United States market would be extremely limited, which would explain why no prescriber in this study utilized biosimilars. Finally, with this observational, cross-sectional study design, it was not possible to demonstrate cause and effect of physician reported patterns of use, behaviors, and patient profiles on real world treatment utilization patterns.

Conclusions {#Sec17}
===========

Most patients were prescribed a TNFi as their first targeted therapy, mainly in combination with a csDMARD. Although the majority of rheumatologists believed that there was a class-effect with TNFi, over half of patients cycled to another TNFi rather than switched to a targeted therapy with a different MOA at second use targeted therapy. The main reasons physicians gave for changing therapy were worsening condition, and primary and secondary lack of efficacy. These results suggest other factors may influence second use targeted therapy choice, and points to a need for greater understanding on the outcomes associated with subsequent treatment choices and the potential benefits of alternative MOA therapies.

Electronic supplementary material
=================================

 {#Sec18}

Below is the link to the electronic supplementary material.Supplementary material 1 (DOCX 304 kb)

**Digital Features**

To view digital features for this article go to: 10.6084/m9.figshare.11994396.

Funding {#FPar1}
=======

This study and the Rapid Service Fee were funded by Sanofi and Regeneron Pharmaceuticals, Inc.

Medical Writing Assistance {#FPar2}
==========================

Medical writing support provided by Abby Armitt, Prime, Knutsford, Cheshire, UK, was funded by Sanofi and Regeneron Pharmaceuticals, Inc.

Authorship {#FPar3}
==========

All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article, take responsibility for the integrity of the work as a whole, and have given their approval for this version to be published.

Disclosures {#FPar4}
===========

Emma Sullivan, Jim Kershaw and Stuart Blackburn were employees of Adelphi Real World at the time of this analysis, a company that received funding for the current study from Sanofi and Regeneron Pharmaceuticals, Inc. Jeannie Choi was an employee of and stockholder in Sanofi at the time of this analysis and is now self-employed. Susan Boklage is an employee of and stockholder in Regeneron Pharmaceuticals, Inc. Jeffrey Curtis is a consultant to Sanofi and Regeneron Pharmaceuticals, Inc.

Compliance with Ethics Guidelines {#FPar5}
=================================

This study was approved for exemption by the Western Institutional Review Board, under WIRB exemption criteria 45 CFR §46.101(b)(2):

\(2\) Research involving the use of educational tests (cognitive, diagnostic, aptitude, achievement), survey procedures, interview procedures or observation of public behavior, unless:

\(i\) Information obtained is recorded in such a manner that human subjects can be identified, directly or through identifiers linked to the subjects; and (ii) any disclosure of the human subjects' responses outside the research could reasonably place the subjects at risk of criminal or civil liability or be damaging to the subjects' financial standing, employability, or reputation.

Informed consent was obtained from all study participants.

Data Availability {#FPar6}
=================

Data are not publicly available; however, would be available on reasonable request to external parties, after request review by Adelphi Real World executive committee.

Open Access {#d29e2908}
===========

This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License, which permits any non-commercial use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article\'s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article\'s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit <http://creativecommons.org/licenses/by-nc/4.0/>.
